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(57) Abstract 

Technical problem Especially this invention is applied to the printer which a liquid ink drop is 
made to jump out with heating of a heater element, and is recorded on the candidate for record 
about the setting approach of the drive conditions of a printer, and a printer, and enables it to 
set up drive conditions simply and certainly. 

Means for Solution This invention searches for the drive period when the resistance of a 
heater element changes with the drives of a repeat more than a fixed rate, sets up a upper limit 
by this drive period, and sets up a drive period. 



Claim(s) 

Claim 1 The setting approach of the drive conditions of the printer characterized by to search 
for said drive period when the resistance of said heater element changes with the drives of a 
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repeat more than a fixed rate in the setting approach of the drive conditions of the printer 
which during a predetermined drive period and a heater element are made to generate heat 
with a square wave-like driving signal, and prints a desired image, to set up the upper limit of 
said drive period by this drive period, and to set up said drive period in the range which does 
not exceed said upper limit. 

Claim 2 The printer characterized by having searched for said drive period when the resistance 
of said heater element changes with the drives of a repeat more than a fixed rate in the printer 
which during a predetermined drive period and a heater element are made to generate heat 
with a square wave-like driving signal, and prints a desired image, having set up the upper limit 
of said drive period on the basis of this drive period, and setting up said drive period in the 
range which does not exceed said upper limit. 



Detailed Description of the Invention 
0001 

Field of the Invention Especially this invention is applicable to the printer which a liquid ink 
drop is made to jump out with heating of a heater element, and is recorded on the candidate 
for record about the setting approach of the drive conditions of a printer, and a printer. This 
invention enables it to set up this kind of drive conditions simply and certainly by searching for 
the drive period when the resistance of a heater element changes with the drives of a repeat 
more than a fixed rate, setting up a upper limit by this drive period, and setting up a drive 
period. 
0002 

Description of the Prior Art In recent years, the needs to colorization of hard copy have been 
increasing in fields, such as an image processing. Color copy methods, such as a sublimation 
mold hot printing method, a heat-of-fusion imprint method, an ink jet method, an 
electrophotography method, and a heat developing silver salt method, are conventionally 
proposed to these needs. 

0003 Among these methods, an ink jet method can make the globule of recording ink (ink) 
able to fly from the nozzle prepared in the printer head, can adhere to the candidate for record, 
can form a dot, and can output a high-definition image by the simple configuration. This ink jet 
method is classified into an electrostatic attraction method, a continuation oscillating generating 
method (piezo method), and a thermal method according to the difference of an approach 
which makes a liquid ink drop fly from a nozzle. 

0004 Among these methods, a thermal method is a method which air bubbles are generated 
method with local heating of ink, and ink is extruded method from a nozzle with these air 
bubbles, and makes the candidate for printing fly, and is made as print / by the simple 
configuration / a color picture . 

0005 That is, the printer by this thermal method is constituted using the so-called printer head, 
and the drive circuit by the logic integrated circuit which drives the heater element to which this 
printer head heats ink, and a heater element etc. is carried on a semi-conductor substrate. It is 
made as drive / a heater element is arranged to high density and / by this, / in this 
kind of printer head, / heater element / certainly . 

0006 That is, in the printer of this thermal method, in order to obtain a high-definition printing 
result, it is necessary to arrange a heater element by high density. Although it is necessary 
concretely to arrange a heater element at 42.333 mum spacing in order to obtain the printing 
result of 600DPI, it is very difficult to arrange the driver element according to individual to the 
heater element which it was high-density in this way, and has been arranged. Thereby with the 
printer head, it is made as drive / simply and certainly / each heater element by 
connecting the heater element which creates a switching transistor etc. and corresponds with 
an integrated-circuit technique on a semi-conductor substrate, and driving each switching 
transistor by the drive circuit created on the semi-conductor substrate still more nearly 
similarly. 

0007 Moreover, in* the printer by the thermal method, if air bubbles are generated in ink with 
heating by the heater element and ink jumps out of a nozzle, these air bubbles will disappear. 
This gets a mechanical impact by the cavitation by the repeat of firing and ****. Furthermore, 
the temperature rise and temperature descent by generation of heat of a heater element are 
repeated for a short time several microseconds, and, thereby, a printer receives the big 
stress by temperature. 
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0008 For this reason, the printer head is made as prevent / a heater element is formed of 
a tantalum, tantalum nitride, tantalum aluminum, etc., the protective layer by silicon 
nitride, carbonization silicon, a tantalum, etc. is formed on this heater element, and 
thermal resistance and insulation improve by this-protective layer, and / direct 
contact in a heater element and ink . Moreover, it is made as form / in the upper layer 
of this protective layer / the cavitation-proof layer which eases the mechanical 
impact by cavitation . 

0009 Drawing 12 is the sectional view showing the configuration near in this kind of printer 
head the heater element. After the laminating of the insulating layer (Si02) etc. is carried out 
on the semi-conductor substrate 2 with which it comes to create a semiconductor device, as for 
the printer head 1, a heater element 3 is formed with the tantalum film etc. After the 
laminating of the protective layer 4 by silicon nitride (Si3 N4) is furthermore carried out, a 
circuit pattern (AI wiring) 5 is formed. A s heater element 3 is connected to the semi-conductor 
which comes to form the printer head 1 with this circuit pattern on the semi-conductor 
substrate 2, the laminating of the protective layer 6 by silicon nitride (Si3 N4) is carried out 
further, and the cavitation-proof layer 7 by the tantalum is formed in this upper layer. When 
the printer head 1 arranges a predetermined member continuously, a liquid ink room, ink 
passage, and a nozzle are created. The printer head 1 is made as drive / with a square 
wave-like driving signal / a heater element 3 , after ink is led to a liquid ink room by the 
ink passage created by doing in this way. 

0010 In the printer head 1 concerning such a configuration, if calorific value of a heater 
element is lessened, the part power consumption can be lessened. However, if the calorific 
value of a heater element runs short, it will become difficult to fully heat ink and it will become 
difficult to make a liquid ink drop jump out of a nozzle by this. 

0011 Moreover, contrary to this, if the calorific value of a heater element becomes excessive, 
the inclusion in ink will react with heat, and carbide and oxide (it is called a scorch below) will 
be deposited and accumulated in the front face of the cavitation-proof layer 7. Thereby in the 
printer head 1, it becomes difficult to make a liquid ink drop jump out. 

0012 Moreover, if calorific value becomes excessive in this way, in the printer head 1, the 
reaction by heat will occur between the front face of the cavitation-proof layer 7, and ink, and, 
thereby, the cavitation-proof layer 7 will corrode. Thereby, the cavitation-proof layer 7 stops 
fully functioning in the printer head 1, a heater element 3 comes to be disconnected by the 
mechanical impact by cavitation, and it becomes difficult to make a liquid ink drop jump out 
also in this case. 

0013 For this reason, in the conventional printer head, a heater element is driven according to 
various conditions, the conditions which the corrosion of the conditions which can make stability 
jump out of a liquid ink drop, and a cavitation-proof layer, and a scorch generate are searched 
for, respectively, and it is made as set / within the limits of these conditions / the drive 
conditions of a heater element . 

0014 On the other hand, it is made by JP,2001-80077,A and JP,2001-130005,A about the 
printer head concerning a specific configuration as propose / the drive conditions which 
drive a heater element , for example. Moreover, in JP,2001-171126,A, it is made as 
propose / the drive conditions of the heater element on the basis of the upper limit of 
calorific value . 

0015 

Problem(s) to be Solved by the Invention By the way, in a printer head, the magnitude of 
ingredients, such as a heater element and a protective layer, such thickness, and a liquid ink 
room etc. may change with models in practice. Moreover, the membrane structure from a 
heater element to a liquid ink room itself may change with models, in such a printer head, when 
the thermal conductivity from a heater element to ink, extent of heat dissipation, etc. boil many 
things and differ from each other, various suitable conditions which drive a heater element will 
also be boiled, and will differ. 

0016 There was a problem which it must become difficult to not necessarily set the drive 
conditions of a heater element to JP,2001-80077,A, JP,2001-130005,A, JP,2001-171126,A, etc. 
appropriately depending on the conditions of an indication, must do a complicated activity for 
every model after all, and must set up the drive conditions of a heater element in a printer head 
by this. 

0017 This invention was made in consideration of the above point, and tends to propose the 
setting approach of a printer that this kind of drive conditions can be set up simply and 
certainly, and the printer by this setting approach. 
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0018 

Means for Solving the Problem In order to solve this technical problem, it applies to the 
setting approach of the drive conditions of the printer which during a predetermined drive 
period and a heater element are made to generate heat with a square wave-like driving signal, 
and prints a desired image in invention of claim 1, and the drive period when the resistance of a 
heater element changes with the drives of a repeat more than a fixed rate searches for, the 
upper limit of a drive period sets up by this drive period, it is the range which does not exceed a 
upper limit and a drive period sets up. 

0019 Moreover, it applies to the printer which during a predetermined drive period and a 
heater element are made to generate heat with a square wave-like driving signal, and prints a 
desired image in invention of claim 2, the drive period when the resistance of a heater element 
changes with the drives of a repeat more than a fixed rate is searched for, and the upper limit 
of a drive period is set up on the basis of this drive period, and a drive period is set up and it is 
made be the range which does not exceed a upper limit and to become. 

0020 According to the configuration of claim 1, a drive period can be set up in the range which 
can avoid effectively change of the member which constitutes a heater element by the drive of 
a repeat etc. by searching for the drive period when the resistance of a heater element changes 
with the drives of a repeat more than a fixed rate, setting up the upper limit of a drive period * 
by this drive period, and setting up a drive period in the range which does not exceed a upper 
limit. Moreover, in this range, it is the range which the corrosion of the scorch of ink and a 
cavitation-proof layer does not generate, and drive conditions can be set up simply and 
certainly by these. 

0021 Thereby, according to the configuration of claim 2, the printer which comes to set up 
drive conditions simply and certainly can be offered 

0022 

Embodiment of the Invention Hereafter, the gestalt of operation of this invention is 
explained in full detail, referring to a drawing suitably. , 

0023 (1) The block diagram 2 of the gestalt of operation is a sectional view showing the printer 
head applied to the printer„concerning the gestalt of operation of this invention. The laminating 
of the protective layers 23 and 24 by the silicon nitride and the cavitation-proof layer 25 by the 
tantalum film is carried out, and the printer head 21 is constituted by the upper layer of a 
heater element 22. 

0024 That is, as shown in drawing 3 (A), after the P type silicon substrate 26 by the wafer is 
washed, a silicon nitride (Si3 N4) deposits the printer head 21. Then, as for the printer head 21, 
a silicon nitride is removed by a lithography process and the reactive etching process from 
fields other than the predetermined field in which a silicon substrate 26 is processed and forms 
a transistor by this. A silicon nitride is formed in the field which forms the transistor on a silicon 
substrate 26 in the printer head 21 by these. 

0025 Then, heat silicon oxide is formed in the field to which the silicon nitride is removed 
according to the thermal oxidation process, and, as for the printer head 21, the component 
isolation region (LOCOS: Local Oxidation Of Silicon) 27 for this heat silicon oxide to separate a 
transistor is formed of thickness 500 nm. In addition, finally this component isolation region is 
formed in thickness 260 nm of subsequent processing. Furthermore it continues, and after a 
silicon substrate 26 is washed, as for the printer head 21, the gate of tungsten silicide / polish 
recon / thermal oxidation membrane structure is created by the transistor formation field. A 
silicon substrate 26 is processed according to an oxidation process, and the transistor 28 with 
an MOS (Metal-Oxide-Semiconductor) mold and 29 grades are created for ion grouting for 
furthermore forming a source drain field. In addition, a switching transistor 28 is an MOS mold 
driver transistor which has pressure-proofing of 25 V extent, and the drive of a heater element 
is presented with it here. On the other hand, a switching transistor 29 is a transistor which 
constitutes the integrated circuit which controls this driver transistor, and operates with the 
electrical potential difference of 5 V. In addition, in the gestalt of this operation, it is made as 
form / secure pressure-proofing by easing electrolysis of the electron accelerated in 
that part, and / a low-concentration diffusion layer is formed between the gate/drain 
and / the driver transistor 28 . 

0026 When the transistors 28 and 29 which are semiconductor devices are created on a silicon 
substrate 26, thus, the printer head 21 then, CVD (Chemical Vapor Deposition) - the PSG 
(Phosphorus Silicate Glass) film which is the silicon oxide by which Lynn was added by law - 
Boron and the BPSG (Boron Phosphorus Silicate Glass) film 30 which is the silicon oxide by 
which Lynn was. added one by one Thickness 100 nm, It is created by 500 nm and thereby 
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the interlayer insulation film of the 1st layer according thickness to 600 nm is created as a 
whole. 

0027 Then, a contact hole 31 is created on a silicon semi-conductor diffusion layer (source 
drain) after a photolithography process by the reactive etching method using C4 F8 / CO/02 / 
Ar system gas. 

0028 Furthermore, after the printer head 21 is washed by rare fluoric acid, the sequential 
deposition of the aluminum which did 0.5 at°/o addition of the aluminum which did 1 at°/o 
addition of the titanium by thickness 30 nm, the titanium nitride barrier metal by thickness 70 
nm, the titanium by thickness 30 nm, and silicon, or copper by the sputtering method is carried 
out by thickness 500 nm. Then, the titanium nitride which is the antireflection film deposits the 
printer head 21 by thickness 25 nm, and a circuit pattern ingredient is formed by these. 
Furthermore it continues, and the circuit pattern ingredient with which the printer head 21 was 
formed by the photolithography process and the dry etching process is removed alternatively, 
and the circuit pattern 32 of the 1st layer is created. MOS transistor 29 which constitutes a 
drive circuit is connected with the circuit pattern 32 of the 1st layer created by carrying out the 
printer head 21 in this way, and a logic integrated circuit is formed. 

0029 Then, the silicon oxide 33 which is an interlayer insulation film deposits the printer head 

21 with the CVD method which made material gas TEOS (tetra-ethoxy silane: Si4 (OC two H5)). 
Then, flattening of the silicon oxide 33 is carried out with spreading and etchback of spreading 
mold silicon oxide with which the printer head 21 contains SOG (Spin On Glass), these 
processes are repeated twice and the interlayer insulation film 33 of the circuit pattern 32 of the 
1st layer and the circuit pattern of the continuing two-layer eye is formed of the silicon oxide of 
thickness 440 nm. 

0030 Then, as shown in drawing 3 (B), the tantalum film deposits the printer head 21 by the 
sputtering method, and, thereby, the resistor film is formed on a silicon substrate 26. 
Furthermore it continues and they are a photograph RIZOGURA fee process, BCI3 / CI2. The 
surplus tantalum film is removed by the dry etching process using gas, and the heater element 

22 by the clinch configuration is created. In addition, in the gestalt of this operation, the 
tantalum film by thickness 83 nm accumulates, and a heater element 22 is formed of a clinch 
configuration, and it is made as set / by this / to 100 omega / the resistance of a heater 
element 22 . 

0031 Then, as shown in drawing 4 (C), the silicon nitride by thickness 300 nm deposits the 
printer head 21 with a CVD method, and the protective layer 23 of a heater element 22 is 
formed. Then, as shown in drawing 4 (D), the silicon nitride of a predetermined part is removed 
by a photograph RIZOGURA fee process and the dry etching process using CHF3 / CF4 / Ar gas, 
the part which connects a heater element 22 to a circuit pattern by this is exposed, opening is 
further formed in an interlayer insulation film 33, and a beer hall 34 is created. 

0032 As furthermore shown in drawing 5 (E), the sequential deposition of the aluminum to 
which the printer head 21 did 0.5 at°/o addition of the aluminum which did 1 at°/o addition of 
the titanium by thickness 200 nm, the titanium by thickness 30 nm, and silicon, or copper by 
the sputtering method is carried out by thickness 600 nm. Then, the titanium nitride by 
thickness 25 nm deposits the printer head 21, and, thereby, an antireflection film is formed. As 
for the printer head 21, the circuit pattern ingredient 35 is formed by these. 

0033 Then, as shown in drawing 5 (F), the circuit pattern ingredient 35 which formed 
membranes according to the photolithography process and the dry etching process is removed 
alternatively, and the circuit pattern 36 of a two-layer eye is created. Thereby, the circuit 
pattern with which the circuit pattern for power sources and the circuit pattern for a ground are 
created with the circuit pattern 36 of this two-layer eye, and the printer head 21 connects the 
driver transistor 28 to a heater element 22 is created. In addition, if it is in the silicon nitride 
left by the upper layer of a heater element 22, in the etching process in the case of this circuit 
pattern creation, it functions as a protective layer of a heater element 22. 

0034 Then, as shown in drawing 6 (G), the silicon nitride 24 which functions as an ink 
protective layer with a CVD method deposits the printer head 21 by thickness 400 nm. 
Furthermore, in a heat treating furnace, it is among the ambient atmosphere of the nitrogen 
gas which added 4% of hydrogen, or heat treatment for 60 minutes is carried out 400 degrees 
in 100% of nitrogen-gas-atmosphere mind. Thereby, actuation of transistors 28 and 29 is 
stabilized, connection between the circuit pattern 32 of the 1st more layer and the circuit 
pattern 36 of a two-layer eye is stabilized, and, as for the printer head 21, contact resistance is 
reduced. 

0035 Then, as the printer head 21 is shown in drawing 2 , the tantalum of. thickness 200 nm 
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deposits by the sputtering method, and the cavitation-proof layer 25 is formed with this 
tantalum film. Then, as for the printer head 21, the laminating of the dry film 41 and the orifice * 
plate 42 is carried out one by one. The part corresponding to a liquid ink room and ink passage 
is removed, and the dry film 41 is hardened after that here, after it was constituted by organic 
system resin and having been arranged by sticking by pressure. On the other hand, an orifice 
plate 42 is the plate-like part material processed into the predetermined configuration, as the 
nozzle 44 which is a minute ink delivery is formed on a heater element 22, and it is held on the 
dry film 41 by adhesion. Thereby, a nozzle 44, the liquid ink room 45, the ink passage that 
leads ink to this liquid ink room are formed, and the printer head 21 is created. 

0036 The cavitation-proof layer 25 by the tantalum film according the printer head 21 from 
the liquid ink room 45 side to thickness 200 nm in the part of a heater element 22, the 
protective layers 23 and 24 by the silicon nitride layer by thickness 500 nm, the heater element 
22 by the tantalum film by thickness 83 nm, and the layer structure by the silicon oxide film of 
thickness 13000 nm are made by these as form / on a silicon substrate 26 . 

0037 The printer head 21 is formed so that such a liquid ink room 45 may continue in the 
depth direction of space, and it is made as constitute / this / the Rhine head . 

0038 Drawing 1 is the block diagram showing the heater element 22 of the printer head 21 
with the circumference configuration, about the printer concerning the gestalt of operation of 
this invention. In addition, in this drawing 1 , although the drive circuit 52 is made as drive / 
two or more heater elements 22 formed in this printer head 21 / through the 
switching transistor 28 which corresponds respectively , in the configuration shown in 
this drawing 1 , the configuration which relates to an example and other heater elements only 
about one heater element 22 omits a publication. 

0039 In this printer 51, a timing generator (TG) 53 generates and outputs the timing signal of 
the various criteria of this printer 51 of operation. A timing generator 53 generates timing 
signal TGI of the shape of a square wave which is the drive criteria of a heater element 22 as 
one of the timing signals of these, and outputs it to the printer head 21. , 

0040 In the printer head 21 the drive circuit 52 Each heater element 22 is driven with the print 
data DC outputted from the control circuit which is not illustrated on the basis of this timing 
signal TGI. A heater element 22 is connected to a power source 54 through a switching 
transistor 28 during the period when the signal level of timing signal TGI has started by this, 
and it is made as make / a heater element 22 / generate heat during this period (it is 
hereafter called a drive period suitably). Thereby, make a heater element 22 generate heat 
alternatively with the print data DC during the drive period by the pulse width of timing signal 
TGI in this printer 51, a liquid ink drop is made to jump out from a corresponding nozzle, and it 
is made as print / the image corresponding to the print data DC etc. . 

0041 It is made as set / on the basis of the pulse width for which the same printer 
head as the printer head 21 applied to this printer 51 was actually driven, asked for 
the pulse width of timing signal TGI from which the resistance of a heater element 22 
changes more than a fixed rate in advance, and beforehand / this / was asked / 
here / in the gestalt of this operation / the pulse width of timing signal TGI . 

0042 That is, in the printer head 21, as Sign b shows drawing 7 (A), when it drives with fixed 
power, and the pulse width of timing signal TGI which is this drive period is below constant 
value and the calorific value of a heater element 22 runs short, it becomes difficult to make a 
liquid ink drop jump out of a nozzle 44. In the printer head 21, if this pulse width is lengthened 
gradually, when the calorific value of that part and a heater element 22 increases gradually, a 
liquid ink drop will come (the pulse width which the regurgitation of a liquid ink drop starts in 
this way is hereafter called regurgitation initiation pulse width) to jump out of a nozzle 44. 

0043 In the printer head 21, in the range more fixed than this regurgitation initiation pulse 
width, the regurgitation rate at which a liquid ink drop jumps out of a nozzle 44 according to 
increase of pulse width increases rapidly, and increase of the regurgitation rate to increase of 
pulse width becomes loose after that, if pulse width is furthermore increased — the printer head 
21 — setting — accumulation — a regurgitation rate — decreasing — just — being alike — it 
becomes difficult to make a liquid ink drop jump out (the pulse width of which this liquid ink 
drop will not jump out is hereafter called regurgitation halt pulse width). In addition, this 
drawing 7 (A) is as a result of at the time of driving the heater element 22 of the printer 
head 21 mentioned above about drawing 2 on the repeat frequency 8.4 kHz with the 
power of 0 and 60 W measurement. 

0044 In the printer head 21, it sets to drawing 7 (B) - drawing 9 (G). According to the same 
conditions, the drive power of a heater element 22, respectively 0.65 W ( drawing 7 (B)), So 
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that the result which 0.70 W ( drawing 7 (C)), 0.75 W ( drawing 8 (D)), 0.80 W ( drawing 8 
(E)), 0.85 W ( drawing 8 (F)), and 0.90 W ( drawing 9 (G)) were increased, and was measured 
may be shown If the power which drives a heater element 22 is increased, when the calorific 
value per time amount in the part and a heater element 22 becomes large, regurgitation 
initiation pulse width and regurgitation halt pulse width will become short. In addition, when 
increasing drive power in this way and increasing pulse width from regurgitation initiation pulse 
width, the range where a regurgitation rate becomes almost fixed to change of pulse width 
occurs. 

0045 When the resistance of a heater element 22 was measured according to such drive 
conditions, respectively, as Sign a showed drawing 7 - drawing 9 , the repeat of the drive more 
than respectively fixed pulse width showed that the resistance of a heater element 22 changed 
with each power, if resistance increases and, as for this resistance value change, pulse width 
exceeds a predetermined value so that pulse width is long -- rapid — resistance — decreasing — 
just — being alike — it turned out that it results in an open circuit of a heater element 22. In 
addition, the measurement results of these drawing 7 - drawing 9 are each power and pulse 
width, it is the result of driving a heater element 22 100,000 times, respectively, and 100,000 
times of this count is a count to which follow a lower limit and a liquid ink drop is made to 
adhere from the upper limit of the paper size by A4 mostly. 

0046 In the resistance value change of such a heater element 22, there is also a possibility of 
setting the drivie period of a heater element 22 as the range in which the resistance of such a 
heater element 22 changes, by having set up the drive conditions of a heater element 22 with 
the pulse width which can make stability only jump out of a liquid ink drop from a nozzle 44 by 
generating below in the pulse width which can make stability jump out of a liquid ink drop from 
a nozzle 44. 

0047 Moreover, it sets to the resistance value change of such a heater element 22. By 
increasing pulse width, and the calorific value of a heater element 22 increasing, and generating 
By causing a certain reaction by excessive generation of heat in a heater element 22 between 
the components from which the component of a heater element 22 itself constitutes an up-and- 
down protective layer etc. It is imagined as what is furthermore generated by deterioration of 
heater element 22 the very thing, and it is thought that it is the factor which spoils the 
dependability of the printer head 21. 

0048 In practice, in the heater element 22, association in the grain boundary of a heater 
element 22 was destroyed by the drive by excessive power, and it turned out that it finally 
results in an open circuit. 

0049 Thereby, in the gestalt of this operation, to the pulse width whose 1 % change the 
resistance of a heater element 22 does, the margin by dispersion in the resistance of a heater 
element 22 etc. was secured, and the upper limit of the pulse width in the actual printer head 
21 which can be driven was set up by measurement of such resistance of a heater element 22. 

0050 In addition, drawing 10 is the characteristic curve sheet showing the relation of each 
pulse width in these drawing 7 - drawing 9 . In this drawing 10 R> 0, the pulse width which the 
heater element 22 disconnected with the square mark which smeared away such a upper limit 
black with the mark of the trigonum which smeared away regurgitation initiation pulse width 
black with the mark of a black dot is shown. 

0051 Moreover, similarly, to regurgitation initiation pulse width, the margin by dispersion in the 
resistance of a heater element 22 etc. was secured, and the lower limit of the drive conditions 
of the heater element 22 in each power was set up. In addition, the range of the lower limit and 
upper limit which carried out in this way and were set up is range shown with an arrow head in 
drawing 7 - drawing 10 . 

0052 In this printer 51, the power which drives a heater element 22 with the electrical 
potential difference of a power source 54 etc. is set up in practice, and these upper limits and a 
lower limit are set up about this power. In the range of the lower limit and upper limit which 
carried out still in this way and were set up, in consideration of dispersion in a regurgitation 
rate etc., the drive conditions of a heater element 22 were set to the side with the long pulse 
width of the range by this upper limit and lower limit so that a liquid ink drop could be made to 
jump out with a short repeat period, and in the design process, the pulse-width of timing signal 
TGi outputted from a timing generator 53 was set up. In addition, this drive condition was 
pulse width 1.5 musec, when driving with the power of 0.8 W, and when driving with the 
power of 0.9 W, it was pulse width 1.3 musec. 

0053 (2) In the configuration beyond actuation of the gestalt of operation, in the printer head 
21 of this printer 51 ( drawing 2 - drawing 6 ), the drive circuit 52, a switching transistor 28, a 
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heater element 22, protective layers 23 and 24, and cavitation-proof layer 25 grade are created 
by the semi-conductor substrate 26, and the liquid ink room 45 and nozzle 44 grade are further 
created and formed of a semi-conductor production process. 

0054 Ink is led to the liquid ink room 45 of the printer head 21 created by doing in this way, 
and a heater element 22 drives this printer 51 alternatively by the drive circuit 52 according to 
the print data DC during the period ( drawing 1 ) when the signal level of timing signal TGI 
outputted from a timing generator 53 starts. Thereby, the ink of the liquid ink room 45 which 
corresponds according to the. print data DC is heated, a liquid ink drop jumps out of a printer 51 
from a nozzle 44, this liquid ink drop adheres to the candidate for printing, and the image 
corresponding to the print data DC etc. is formed in the candidate for printing. 

0055 The pulse width of timing signal TGI which is the criteria which carry out this printer 51 
in this way, and drive a heater element 22 is set up in the range of a predetermined upper limit 
and a lower limit, and this upper limit is set up on the basis of the pulse width from which the 
resistance of a heater element 22 does not change with the drives of a repeat. Thereby, in a 
printer 51, the conditions of a drive are set up simply and certainly and high dependability can 
be secured. 

0056 That is, in the design process of this printer 51, only the count of predetermined drives a 
heater element 22 with each pulse width with the power planned at the drive of this printer 
head 21, respectively, and the regurgitation initiation pulse width of which a liquid ink drop 
begins to jump out from a nozzle, and the pulse width from which only the rate predetermined 
in the resistance of a heater element 22 is changing from the drive initiation time are detected 
in advance. Furthermore, from the range of such two pulse width, the range is narrowed in 
consideration of dispersion etc. and the upper limit and lower limit of drive conditions are set 
up. 

0057 In the design process of a printer 51, the pulse width of timing signal TGI outputted from 
a timing generator 53 is set up so that the drive conditions of a heater element 22 may be set 
up and a heater element 22 may be driven according to this drive condition in the range of this 
upper limit and a lower limit. Thereby with the gestalt of this operation, the drive conditions of 
a heater element 22 can be set up simply. 

0058 Moreover, in the drive conditions set up by doing in this way, sufficient dependability is 
securable about a heater element 22 by being the range which does not require a thermal load 
for a heater element 22, and being the range where a heater element 22 does not change. 
Moreover, this range is range which a scorch does not generate at the liquid ink room 45, and is 
range which corrosion does not generate about the cavitation-proof layer 25, either, and can 
set up certainly the drive conditions which can secure sufficient dependability by these. 

0059 Drawing 11 is the characteristic curve sheet showing the result at the time of driving a 
heater element 22 continuously according to the conditions of power 0.8 W, pulse width 1.5 
musec (Sign a shows), power 0.9 W, pulse width 1.3 musec (Sign b shows), power 0.9 W, 
and pulse width 1.5 musec (Sign c shows), respectively. In addition, in the drive of this heater 
element 22, it drove with the repeat frequency 8.4 kHz. 

0060 In addition, the power 0.8 W shown with Sign a here, the drive conditions of pulse width 
1.5 musec, the power 0.9 W shown with Sign b, and the drive conditions of pulse width 1.3 
musec are conditions of the range of. the upper limit mentioned above and a lower limit, and 
the power 0.9 W and the drive conditions of pulse width 1.5 musec which are shown with Sign 
c are drive conditions which deviate from the range by this upper limit and lower limit to a 
upper-limit side. 

0061 According to this measurement result, in the drive of the heater element 22 by power 0.8 
W, the drive conditions of pulse width 1.5 musec, power 0.9 W, and the drive conditions of 
pulse width 1.3 musec, even if it repeated the drive 300 million times, the big change at an ink 
regurgitation rate was not observed, but it turned out that the regurgitation of the liquid ink 
drop can be carried out with sufficient dependability by this. On the other hand, in the drive of 
the heater element 22 by power 0.9 W and the drive conditions of pulse width 1.5 musec, the 
ink regurgitation rate fell rapidly by 200 million drives or more, and it turned out that sufficient 
dependability is not securable by this. 

0062 When the printer head 21 by this trial was decomposed, and it observed by SEM and 
having been analyzed by EDX, in power 0.9 W and the heater element 22 by the drive 
conditions of pulse width 1.5 musec, ink and the cavitation-proof layer 25 reacted with heat, 
and it was checked that the cavitation-proof layer 25 by the tantalum has deteriorated at 
tantalum oxide covering the thickness direction on the whole surface. Moreover, it was also 
checked that the cavitation-proof layer 25 by the tantalum is corroding along a grain boundary. 
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In addition, heat conduction from a heater element 22 to a liquid ink room will be checked 
remarkably, and tantalum oxide will be considered that the ink regurgitation rate fell, if the heat 
conductivity is 1/10 and the cavitation-proof layer 25 deteriorates in tantalum oxide by this as 
compared with a tantalum. 

0063 However, in the drive of the heater element 22 by power 0.8 W, the drive conditions of 
pulse width 1.5 musec, power 0.9 W, and the drive conditions of pulse width 1.3 musec, it 
was not observed at all about deterioration of such a cavitation-proof layer 25, the corrosion of 
the cavitation-proof layer 25, and adhesion of a burn. 

0064 (3) according to the configuration beyond the effectiveness of the gestalt of operation, 
the resistance of a heater element is fixed by the drive of a repeat — this kind of drive 
conditions can be set up simply and certainly by searching for the drive period which changes 
above comparatively, setting up a upper limit by this drive period, and setting up a drive 
period. Therefore, the part and useless power consumption can be avoided effectively, and the 
life of a printer head can be prolonged. 

0065 (4) it is the gestalt of other operations — in the gestalt of above-mentioned operation, 
although the case where the upper limit of drive conditions was set up on the basis of the pulse 
width whose 1 °/o change the resistance of a heater element does was described if it is the 
range where the resistance of a heater element does not change in short not only in this, this 
invention can set up drive conditions simply with sufficient dependability, and if it is in the value 
from which the resistance of the heater element which is the criterion of this range changes, 
many things can be boiled and it can set them up. namely, when sufficient detection precision 
can be secured, for example In the resistance of a heater element setting up a upper limit on 
the basis of the pulse width which changes below by 0.1 %, making small resistance value- 
change width of face in this way and detecting drive conditions It can lessen as compared with 
the count of a drive concerning the gestalt of the operation which mentioned above the count of 
a drive of the heater element for this detection, and drive conditions can be simply set as that 
part and a pan much more. 

0066 Moreover, although the case where a printer head was driven in the drive period which 
set up the pulse width of timing signal TGI in the design process, and this searched for by the 
drive of a repeat in the gestalt of above-mentioned operation was described this invention -- 
not only this but a printer — by thinking, also when exchanging and using the printer head from 
which drive conditions differ, if it is The drive period searched for by the drive of a repeat is 
recorded on each printer head, drive conditions are switched for every printer head by this 
record, and you may make it drive by this in the drive period which asked for each printer head 
by the drive of a repeat, respectively. In addition, in record of such drive conditions, record 
means, such as memory, are formed in a printer head, a projection etc. is prepared in the case 
of the approach of recording drive conditions on this record means, and a printer head, and how 
to record drive conditions by arrangement of this projection etc. can be considered. 

0067 Moreover, in the gestalt of above-mentioned operation, although the case where a heater 
element was created with the tantalum film etc. was described, this invention can be widely 
applied, when creating a heater element, a cavitation-proof layer, etc. not only by this but by 
the various charges of a laminated wood. 

0068 

Effect of the Invention According to this invention, this kind of drive conditions can be set up 
simply and certainly as mentioned above by searching for the drive period when the resistance 
of a heater element changes with the drives of a repeat more than a fixed rate, setting up a 
upper limit by this drive period, and setting up a drive period. 



Brief Description of the Drawings 

Drawing 1 It is the block diagram showing the configuration of the printer concerning the 
gestalt of operation of this invention. 

Drawing 2 It is the sectional view with which explanation of the creation process of the printer 
head applied to the printer of drawing 1 is presented. 

Drawing 3 It is the sectional view with which explanation of a continuation of drawing 2 is 
presented. 

Drawing 4 It is the sectional view with which explanation of a continuation of drawing 3 is 
presented. 

Drawing 5 It is the sectional view with which explanation of a continuation of drawing 4 is 



file://C:\pdfdMTJP2003237089.htm 



2006-01-23 



PatentOrder MT 



Side 10 af 14 



presented. 

Drawing 6 It is the sectional view with which explanation of a continuation of drawing 5 is 
presented. 

Drawing 7 It is the characteristic curve sheet with which explanation of the drive conditions of 
the printer head applied to the printer of drawing 1 is presented. 

Drawing 8 It is the characteristic curve sheet with which explanation of a continuation of 
drawing 7 is presented. 

Drawing 9 It is the characteristic curve sheet with which explanation of a continuation of 
drawing 8 is presented. 

Drawing 10 It is the characteristic curve sheet showing the relation between regurgitation 
initiation pulse width etc. and impression power. 

Drawing 11 It is the characteristic curve sheet showing the test result of dependability. 
Drawing 12 It is the sectional view showing the conventional printer head. 
Description of Notations 

1 21 .. A driver transistor, 51 / .. A printer, 53 / .. A timing generator, 52 / A drive 
circuit, 54 / .. Power source .... 3 A printer head, 22 .. 7 A heater element, 40 .. A 
cavitation-proof layer, 28 



Drawing 1 

[x] ID=000003 



Drawing 2 

[x] ID=000004 



Drawing 3 
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Drawing 4 
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Drawing 6 
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Drawing 7 
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Drawing 9 

[x] ID=000011 



Drawing 10 
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Drawing 11 
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